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cereal, millet, or cereal-green leafy vegetable-based dietary patterns in urban adolescent girls [12] and rural preschool Indian children. [13] [14] [15] However, studies describing urban children's dietary patterns to estimate calcium inadequacies are scarce. Thus, the objectives of this study were to assess dietary patterns of 2-16-year-old apparently healthy Indian children and adolescents with special reference to calcium content and bioavailability. Further also to suggest strategies and develop recipes to increase the calcium content and bioavailability in the identified dietary patterns.
mateRials and methods

Sample selection
We studied 220 children (2-16 years of age) from different schools in Pune city, Western India. The sample size of 220 was determined based on the variation in dietary calcium intake from the previous studies in children to achieve 83% power with level of significance of 5% to detect a difference of more than 10%.
From the list of schools in Maharashtra state covering entire age range and different socioeconomic classes, twenty schools were selected randomly and approached for permissions. Of these, three were randomly selected for the study. From the class of fifty students in each standard from preschool to tenth, a total of 220 children were enrolled. The duration of the study was from June 2013 to July 2014.
Children with a history of fracture or prolonged immobilization within the past 12 months and any major systemic disease were excluded. Written informed consent from parents and assent from the children were obtained before the study. This cross-sectional study was approved by the Institutional Ethics Committee.
Anthropometric parameters
Standing height was measured to the nearest millimeter using a portable stadiometer (Leicester Height Meter, Child Growth Foundation, UK), and weight was measured using an electronic scale to the nearest 100 g. The height for age, weight for age, and body mass index for age Z-scores were calculated using Indian reference values. [15] 
Dietary assessment
Dietary intake was assessed by 24-h recall on three random, nonconsecutive days including a Sunday using the multiple pass approach. [16, 17] Each child/parent was asked about food and beverage intake for each day, and recipes of the food items were also recorded. In case of toddlers and younger children, diet recalls were collected from their mothers/caretakers when appropriate. In case where there was an atypical day or an outlying observation, re-entry for that particular day with a new recall was done.
For estimating portion sizes, standard serving plates, cups, and spoons were used to record amounts of individual food items consumed by each child. The portion size was also obtained by the average of actual weights (single-pan weighing balance with a least count of 5 g) of one serving of each food item from their households. This was performed for each routine food item consumed during a week's time. Thirty randomly selected households were visited to verify the reported food consumption and recipes to confirm the diet recalls. On a subsample, we have verified the dietary intakes of children from different age groups and Socio Economic (SE) groups on two occasions, and intraclass correlation coefficient ranged from 0.81 to 0.98 for different nutrient and food intakes.
Daily nutrient intakes were calculated using a cooked food database (CDiet version 1.0) and raw foods database of National Institute of Nutrition (NIN), India, and USDA. [18] [19] [20] [21] Through the CDiet software, comparison of the intake was performed with the recommended dietary allowances (RDAs) for Indians as given by the Indian Council of Medical Research. [22] Developing recipes for improving the calcium content of dietary patterns
The most commonly consumed food items under each food group were enlisted and other calcium-rich food item choices were identified using the nutritive values by NIN, India [ Table 1 ]. [20] The traditional recipes as described by the mothers were then modified using these calcium-rich food choices. Further, to improve the amount of bioavailable calcium in the recipes, food processing methods known to increase bioavailability were used. [23] [24] [25] [26] In addition, it has been reported that an acidic medium in the gut helps in calcium absorption; thus, Vitamin C-rich foods were used for the same. [7] Nutrient contents of traditional recipes have been reported previously. [19, [27] [28] [29] Nutrient contents of the newly developed recipes were estimated using the previous recipes considering the moisture correction. To understand the pattern of children and adolescents' daily dietary habits, k-mean cluster analysis was performed.
Considering the variety of foods consumed, dietary intake data were classified into the following major food groups, rice, wheat, refined cereals, millets, milk and milk products, sprouted pulses, nonsprouted pulses, fruits and salads, all vegetables, nonvegetarian foods, and fried foods and sweets. Individual food items were classified into a food group based on their major ingredients, for example, plain rice, rice flakes, puffed rice were categorized under rice. Thus, for each child, dietary intake of each food group was obtained as amount in grams of rice, vegetable, milk, etc.
Results
A total of 220 children (105 boys, 115 girls) with a mean age of 9.6 ± 3.9 years were studied. As dietary patterns during childhood are likely to be different from those during adolescence, [30] study subjects were classified into two groups as children (2-9 years) and adolescents (10-16 years). [31, 32] Majority of the study group children were within reference range for their height for age Z-score (HAZ) (81%) and weight for age Z-score (WAZ) (72%), indicating normal growth status.
Overall, around 75% of children and adolescents consumed cereal-pulse-based diets with low total and bioavailable calcium intake. Figure 1 shows the calcium intake as percent RDA from milk source and plant source in children and adolescents.
Dietary patterns Children
Two dietary patterns were obtained in children. The clusters were named based on the food groups predominant in each cluster. Eighty-one percent had the "wheat and milk and milk products" (WM) dietary pattern while 19% children had "rice and pulse pattern" (RP). The consumption of all other food groups was similar between the two groups as tested by Mann-Whitney U-test [ Table 2 ].
The daily mean energy intake in children from "RP" pattern was 1616 ± 468 Kcals/day and 1342 ± 423 Kcals/day in children from "WM" pattern. However, the protein intake was similar and 36 ± 14 and 33 ± 11 g/day in children from "RP" and "WM" patterns, respectively. The intake of calcium was significantly greater in children from "WM" pattern, with a mean of 479 ± 222 mg/day than 351 ± 196 mg/day in "RP" pattern children due to significantly greater intake of milk and milk products (P < 0.05). The calcium intake was 44% (14% from milk and milk products) of RDA in children from "RP" pattern and was significantly lower (P < 0.05) than the 60% (38% from milk and milk products) consumed by children 
Adolescents
In adolescents, three dietary patterns were identified. Adolescents from the first pattern consumed moderate amounts of foods from all food groups in comparison to adolescents from other two patterns, and hence, this group was named as "mixed food" (MF) dietary pattern. The second pattern was named as "RP" dietary pattern and the third as "wheat, milk, and bakery" (WMB). In all, 49% had "MF" pattern, 21% had "RP" pattern, and 30% had "WMB" pattern [ Table 2 , significance of difference was tested by Kruskal-Wallis test]. The mean daily energy intake was significantly (P < 0.05) lower in adolescents from "MF" pattern (1314 ± 395 Kcal) than from WMB (1956 ± 388 Kcal) and "RP" pattern (1768 ± 420 Kcal). Similarly, adolescents from "MF" pattern had significantly lower protein intake (30 ± 10 g) than from "WMB" (51 ± 13 g) and RP (39 ± 13 g) patterns. The significance of difference in nutrient intake between the three diet patterns was tested by one-way ANOVA.
The percent RDA calcium intake was 93% (44% from milk and milk products) in adolescents from "WMB" pattern and was significantly (P < 0.05) greater than in adolescents from "RP" (35%, 6% from milk and milk products) and "MF" pattern (40%, 5% from milk and milk products). However, the percent RDA calcium intake in adolescents from "RP" and "MF" pattern was similar (P > 0.1). Among the three dietary patterns, the percentage of stunting was 10% in adolescents from "WMB," 28 from "MF," and 29% from "RP" pattern. Similarly, in adolescents from "WMB" pattern, 6% were underweight, 32% from "MF" pattern, and 27% from "RP" pattern (P < 0.05). The percent adolescents with BAZ <−2 were similar in all three patterns.
Recipe formulation
Since most children and adolescents consumed inadequate amounts of calcium, and majority of the calcium came from nonmilk calcium sources, it was necessary to suggest strategies increase the calcium content and bioavailability from the existing dietary patterns. Table 1 describes the foods commonly consumed by the children and strategies suggested to increase the dietary calcium content and bioavailability. There were an estimated increase of 34% in calcium content after addition of the suggested foods and a further increase of around 20% after use of the suggested food processing techniques [ Figure 2 ]. Twenty-five recipes were devised using calcium-rich foods and food processing techniques known to increase calcium bioavailability [ Table 1 and Appendix 1 available online]. From these recipes, 15 meals and five snacks were formulated as per the defined dietary patterns [Appendix 2 available online]. The average energy provided by one serving of the newly devised recipes was 286 ± 76 Kcal, protein was 11 ± 4 g, and calcium was 254.4 ± 22.3 mg. On an average, 42% of RDA of calcium in children and 32% of RDA of calcium in adolescents were achieved by consumption of one serving of any of the recipes. Thus, adding one serving of any recipe to the daily diet would enhance the total calcium intake reaching more than 75% RDA.
discussion
We found that, overall, around 76% children and 80% adolescents did not meet the RDA for calcium. The mean calcium intake was 57% of the RDA in children and 53% in adolescents. Of the RDA achieved, in children, 33% of calcium was from milk, while in adolescents, only 18% was from milk. The mean intake of milk and milk products was 143 ml; only 22 children had daily milk and milk products intake above 400 ml, while the RDA of milk for 2-16-year-old children is 500 ml/day. [24] Similar low intakes of milk have been reported in rural Indian children. [33] Stunting (HAZ <−2) was noted in 19% and 28% of the study children were underweight (WAZ <−2).
Our study children consumed either (i) RP as major staple or (ii) WM or (iii) MFs. The diets from RP pattern were more deficient in calcium. Although dietary patterns with reference to calcium have been scarcely studied, similar to our findings, Tupe and Chiplonkar have also reported cereal-pulse-based dietary patterns in Indian girls. [12] Various Indian researchers have shown cereal as a staple food in majority of children. [8, 9, 33, 34] Similarly, Henry-Unaeze and Okonkwo have reported cereal-pulse-based diets in 12-19-year-old Nigerian children. [35] Further, our results suggest that in comparison to children, adolescents consumed lower amounts of calcium and considerably inadequate amounts of milk and milk products. Similar to our results, a decrease in milk intake during early adolescence was reported in 10-19-year-old girls from the United States. [36] [37] [38] In Spanish children, inadequate consumption of milk and milk products was reported in girls with increasing age and in boys after 14 years of age. [39] Requirement of calcium is greater during adolescence than childhood or adulthood. During the adolescent growth spurt, 37% of total body bone mineral is accrued and intake of milk during adolescents is associated with the amount of bone accrual. [3, 40] The inadequate intake of total as well as milk calcium may put them at a risk of low peak bone mass accrual.
With meager milk intakes, majority of dietary calcium was derived from plant foods in children as well as adolescents. It is thus necessary to suggest strategies to increase the total calcium content in their diets. However, these changes need to be made keeping in mind children's habitual dietary patterns. We have demonstrated that with the choice of calcium-rich foods, the estimated calcium content of the diet may be increased. The new recipes provide 254 mg of calcium, 287 Kcal energy, and 11 g protein per serving. One serving of the suggested recipe provides 42% of the calcium RDA in children and 32% in adolescents. Using various food processing techniques such as soaking, fermentation, germination, and malting, the calcium bioavailability of plant foods may be increased. These techniques are especially applicable to cereals and pulses. [23] [24] [25] [26] They can be used effectively in any population where the staple food groups are plant based.
One of the limitations of our study is that the calcium bioavailability was not examined in a laboratory; however, the estimations of bioavailability were made based on our previous work as well as other literature. [20] [21] [22] [23] Our strength is that the suggested modifications, meals are a food-based approach, hence, may be a sustainable strategy for improving Indian children's dietary calcium intake. In addition, dietary patterns in 2-16-year-old children with special reference to calcium have been described for the first time.
conclusion
Majority of children had cereal-pulse based dietary patterns. By replacing foods from existing dietary patterns with calcium rich foods and using food processing methods, the dietary calcium content may be increased in a sustainable manner. This strategy can be used effectively in any population where the staple food groups are plant based.
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